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157 ABtRXACT 

Fe present iayeaticm nlates to a kemtiocyte growth factor 
fragment. KGFkt,w oran an&q thepf that is composed 
of a won of an am&to acid seqm~ce of mature. full length 
keratinocyte grrrrcnrth fador. KG\F63. The bragment exhibits 
at least a 2-f&i increase in mitogeaic activity as compared 
to a mature, mxmbimnt km‘atiaoce growth factcr. rKGF. 
but iacb a squenee coq&hg &c, first 23 au&o acid 
residues, C-N-r>-M-~P”~-QV~N-C-S-S-P-E-R- 
H-T-R- (SEQ ID NO: 2) of the KOP,, N-tennious. The 
present invention also relates to a DNA molccufe en&g 
KGFk,,. a% expresskm vector au& a tmmformed host 
cmtnining the DNA molecule, and a mtimd of produciag 
KGFh,,, by e&u&g the trmsf&ued host. The present 
invention further rdatm to a conjugate of KGF,,,,3 and a 
taxis moloatte, and tice: use t$m& fa. trmmmt of &pcc- 
prolifffative disease of the epkkrtnk &+S3rewer, the present 
invention relaters to It therapeutic cvmposition cont&iing 
~Gp,,b-zs and a phmaceutimlly kxeptable carrier and 
the USE tkteof for wound healiig puqmm. 

3 Drawitsg @wets 
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L Lpng Form Start 
10 ci0 % 

CYS-ASN-ASP-"~T-TH5R-PRO-6LU-GLN-FIET-ALA-THR-,ASN-VAL-ASN-CYS- 

16 20 
SER-SER-PRO-GLU-ARG-HIS-THR-ARE 

31 '35 40 45 
GLY-ASP-ILE-ARG-VAL-ARG-AR‘G-LEU-PHE-CY‘-TRP~TYR- 

46 50 55 60 
LEU-ARG-ILE-ASP-LYS-ARG-GLY-tYS-VAL-lYS-GLY-THR~G&~'~GLU-~ET- 

61 65 70 75 
LYS-ASN-ASN-TYR-ASN-ILE-MET-GLU-ILE-ARG--VAL-ALA-VAL~GLY- 

76 180 85 90. 
ILE-VAL-ALA-lLE-LYS-GLY-VAL-GLU-SER-GLU-~~~~TYR-L~U-ALA-~~T- 

100 
A~~-LYS-GLU-GLY-C~S5-IEU-TYR-ALA-LYS-GLU-~YS-AS~-GLU-~~~- 

106 110 115 120 
CYS-ASN-PHE-LYS-GLU-LEU-ILE-L~U-GLU-A~-~IS-TYR-AS 

121 125 130 135 
ALA-SER-ALA-LYS-TRP-THR-HIS-ASN-GLY-GLY-GLU~~~T-~~~-VAt-ALA- 

136 140 145 150 
LEU-ASN-GLN-LYS-GLY-ItE-PRO-YAL-ARG-GLY-LYS-LYS*THR-LYS-LYS- 

151 155 160 
GLU-GLN-LYS-THR-ALA-~IS-PHE-LEU-PRO-MET-ALA-ILE-T#R 
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This appiication is a coatiauatioa of application Ser. No. 
08/086.427 Ned on 29 Jun. 1993.4~ abaudtm+ 

PieLD OF THE INVEWlTO~ 
The present invention relates gefterally lo kerati5ocyte: 

pwth factor (“KGF”f, More qe&calI& this invention 
relates tu a KGF fragment and a&q thereof haviqg 
iacreased biological adivity. and de&eased cytotoxic&y as 
compmd to a mature. recombinint. full .iength KGF 
cxprcssed in an insect cell express&a system. This KGF 
fkagment iarks the first 23 amino kid residues, of the 
N-ttmihms of mature, full-length KGF, htcludiog a potential 
glycosylation site. The U-terminus w$s previous& believed 
to confer upaa KW its q&helial cejl spccifdty. 

KGF belongs to the family of fib#oblast growth factors 
(“FGFS”), the prototype of which is, represest.ed by bask 
FGF (“‘bFC+F’)~ KGF is. hence. also known as W-7. L&e 
other FGFs. KGF is a heparin-bind&g pro&a. but unl.&e 
other FGFs. it has a unique target cell sp&ficity. ia 
partieuIar. FGFs are gemMy capawe of sfimulatjng t&a 
prdiferation aud difFexeatiatio~~ of 4 variety of cell types 
dcriwd from the primary or second+ mes0des-m as we&as‘ 
from neuroectodam. KGF is similai to other FGFs in its 
abiity to sthmdate epithti cell pr$iferratiaQ, but is &- 
simii8r to other FGFs in its inabii to stimtibt~ en~uthcti 
e&s or mrobkst p;oIifeqcioll. 8s discussed in RDcbt I? w. 
et al.. Science 245: X52-755 (1985% Mature, &II-length 
KGF, desigmted herein as KGFLo, ‘is a p@pepti& w@h 
163 amino acid residues. and possess& a’ p&~.~titi, 
N-gIycosylation site at amino acid; 14 Ok the conseas~ 
sequence for glycosylation that extends ftom a&to-asrid 
residue 14 to 16 at the N-terminus. ds indicated in Finch cf 
al. (1989). lot. cit. 

BACKGROUND OFTHE iNVESTION 
FQFs. inciuding acidic fibroblast g&th factot (‘WC%“) 

and basic fikoblast growth factor (%FGF’). arc known to 
have heparin-binding pmperties a& have the ability to 
induce the differe~tiatioa and proliferation of ventra& as weB 
as dfm8.I. meaoderm in eariy bIastilhlc, as disulsssd iA 
Gaspodarowicz et al., Cd. Biaf. R&c 25330%314’{,1991-), 
aad Basilic0 et al., Adv. Chncer Resi S9:11S-16s (1992). 
The response of cells to FCiF is me&ted through I%ikng 
thereof to cell surface receptors known as fibrobhW grow& 
fador receptors c’FGf7Rs). of which thae are three Inter- 
related types, as discussed in Hou ct al,. S&en+ 
2Slx565-668 (1991). High afkityi FGERs are ty-roskr~ 
kinases and in&de the flg reqtor (“FGFR-1”). the be& 
receptor (“FGFR-2”). and the K Sarq receptqr (‘%X.$%-3”). 
as discussed in Lee et al., Science 245:57# (1989); Diopae 
et al., EMBO 8. sYZ685-2692 (1’390$; M&i et cd., Scief?c? 
25 15’2-75 (1991); Miki et al.. Pmcr I?& Amd. Sci. +!,A% 
89:24&2SO (1992); and Dell et, al.. J. Bof. C&en, 
267:21225-21229 (1992). 

Both FGFR-1 and FGFR-2 are widely expressed in @so- 
dermal and (letlrocdoctennai tissues~ and both are able to 
bind aFGF and bFGF with similar aBWties. FGFlk-3, alsa 
referred to as KGm is a KGP receptm that is sp$fic to 
q&heliat cells. It is an alterbative tnmscdpt of FGFRGL ln 
contrast ta FGFR-2, which shows high atEa& for b&h 
aFGF and bFW and no affinity fOr KGP RI%%3 binds 
KGF and aFIX with an afkity ap&oWy 29 to 1QW 
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The tightly resticted tbsuc disW&q of KGFR to 
epithelial cells anhthercfore, the tiss&~iitriued activity of 
KGF. is desirable in msoy iy@s of wound heating 
zqpkations,‘~ well a+i’the WeatniWof @erproWrative 
diseases of 
carcinoma 
fauor exists fc~~these appkatipn?. It would be desirable. 
rhweforc, ti KGF co&i be m&&e& to Iacrease its potency 
and decrease its, cyt@oxic&y for tkm@cutic app&ati~ns. 

Recently, Ron et ai., 1. &Qf. C&W% 268~9862988 
(Febnt8ry 1993) found th&, whiao KGF,, was expressed In 
a piokaryotic expressibn q&em, 8. rqcombinant KGF 
(“LKciF”) polypeptide CQl.dd bg obmnd &at possessed 
mitogulic acavity. w&en the ~~~~1~ w&j tklncated 
by deletion of 3.f$27.38. and +Vmo acidresibres from 
the N-Waiis of t&ema&re. KGF,,~po@x@de, biologi- 
cal activity of the re+&g ~mgktcuks -varied. With deletion 
of 3 and 8 amino a&d Wddues. respectively, the mitogenic 
activity of t&e ~re-%&i&g mofntles did not appear to be 
a&cted as CXXQW& to f@-len&b rXCGFC D&e&n of 27 
amino acid zesidues. howmca. r&a&cd in ru&cades Sht 
display lo-20 fold r&tic&d mitogeoil? activity. Deletion of 
38 aild 48 amino a@K%s.$dtnes. m&Y&y. resul(ed in 
c+npIetc loss of m&q&‘ activity caad beprbbiadiag 
ability Ron $ al...horucvr;r, f#.kd kl produce spy tnm~&~I 
rKGF ti-6 thaC~ssessed inq~@togenic activity 
as comp8red%o the f&&igt# rKGF’&kde. 

One of the objeus of the present Ike&* L to provide 
a KGF f&qmqW or ;u?analog ,@ereof tk$ contains a portion . 
of the amino add SegueDco d matur%, fu&ler@ KGF and 
th8t exhibits I least a Z-fold, but p&fer&ly %fold more 
preferably, a 7-10 f&d ,tiease in r&ogenic act&&y as 
compared to the AI&W% fuNan@ &DE This Km frag- 
me@ kcti a sequem cor@sing & Brst ,23 N-terminal 
amino acid residsti, ‘C-N-$-~-T-~~~-A-T-N-V-~~- 
s-+P-F&R-H-T-R- (ST!$Q ID NZI: 2), of the mmre. full- 
length rKG& 

Amthor one of the,&jectS of the prcfa$ ickventiy3 is to 
provide a Koff ftagment, as abev~~ that has de&eased 
cytomxicity 8s c ti the lxka$rc, filfl-&Agth rKGE 

st3uaaother 0 objects af the preseat invention is 
ta pvide a co@uga+ taai .q+@ses the KGF fmgment 
desaibed above an&i tixi8moWdk The toti molecule 
can be me of a &ii A IW+XU& If diphtheria toxin 
moIecule. or a sap&k m&&e. 

StilJ another oue of the objects of the present inventian is 
co provide a DNA rkkcuk da& is oxaped of a nucle&de 
seqtience that encodes tbe%CGF fdgpat described above. 

Yet another one of the objects ofthe present invention is 
ta protide a~ expressior~ vcaar ibag cwtaJins the DNA 
mole&e th+t eapodes the ~KGF fmgmettt abuve and a 
regulatory seque~oe :far expreqion af the DNA moiecwle. 
The cxpressibn vector ~4341 be. for fmmgsle. a yeast. a 
bacterial. a nnm&iaa or a bac&viZius expression vector. 

Yet another one of the objects bf fhe present invention is 
to provide a host cell transf&md WI@ ihe expression vector 
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des-cdbpl abvve. The host cell caa be, for cxamp~. a 
~~~suchasabactaialcell.or,aeulrevyotcsuchasa 
yeastceUamammaUtcell.cfaniitscctc&l. 

Yet another one vf the objects of Utc present i~atioa is 
to provide a method of producing *e Kop Bgtnent ,@y 
culturing the transfvtmcd host all a$ desdbed. above aad 
isolatiag the KGF fragment from tb~cufture. 

Still another one of the objects of t&c present sOvi+ioa is 
tv provide a method of stim&&g ep$heliaI c&“grow& by 
applying the KGF fragment to a0 at+ in wbi& epit&eiial 
cell growth is desired and allowing the Cells to grow. 

Still aaother vne of tbe objects of&e Hesent invention is 
to provide a method f* wound hc$ittg by applying the 
therapeutic composition dfx&Lkd atKyve to aa area of-a 
wound to be treat& and allow@ a wound to heal. 

Still another one of the objects of the preseot invention is 
to provide a me&xi of @eating B hyp@rol@xat&e di~se 
of the epidermis by applying the coaji&e disc&bed above 
toanarcatobetkted 

Fur&r objects. features. and adv&agq of the psent 
invention would be apparent to a pcrsi3n of ordinaty sldil in 
the art and need not be emmerated &re. 

SUMMARY OF THE! D&W-fNGS 
FIG. 1 shows the amino acid smjuencc of the mature, 

full-length. human KGF polypeptkk beginning wit& the 
N-terminus and containi@ I63 amin4 acid r&does, hairi 
a single consensus sequence for glycfxybitkk~ at 5#no&id 
residues M-16. The amino acid sequence of the e 
KGP polypeptide cxu~esponds to am4o adds nos. 32 to 194 
vfSEQlDN0: 1. 

FIG. 2 shows the pAcCl3 express$a veckx into which 
the 163 amino add sequence of KGF has be&as~d. T&c 
polyliaLg and !Ia&ing sequences @nva in FIG+ 2 bre JS 
refemd as SE@ ID NO: 19 in the ~uence Listiog. 

FlG. 3 illustrates the pm&in elution p&k (A). and 
bioactivity profile (E3) of the rKGF obfained from a Mono S 
HR5/.5 cation orchange FFLC dump. 

FlG. 4 compares the ‘biolo&al ac$vity of the long. i&; 40 
full-length rKGE and the short. ix,, :rKGF~,+~ for+~ of 
KGF versus aFGF C+II the cells of the Balm~c&l line. ‘I&z 
flgwe legead for FIG. 4 is as fo$ws: %KGF~x-zs. 
hKGl&. and O=aFGl? 

FlG. 5 comparea the biological activity of the Xong. i.e.. ” 
full-length rKGF, and the short. i.e., rKGE&,,,-,. fpnhdf 
KGF versus WGF on vasa&u endkhelial cells derived 
from large vessels (A:A3AE cell.+> or cap@aty cetia 

It has been surprisingly disevvered that a IruaLxt&. or genomk DNA 
unglycosylakd KGF having a d&etio$ spatming the tint 23 (“@WA”) a* that (1) ti f mt assvciated w&b ati or a 
N-al amigo aad rcti&e8 of mbe dtir Ka 55 portion of a ~1~~~~ &t& wb&b it is a~s&%xt ia 
(YKGF”). herein designated the’ KGP fr&meat or natwe, (2) is link& to ai ~1~11~~~~~~ &an that to 
KGF&,,. possesses amuch greater biological activity a@ 
decreased cytoIoxidty oa epitbeEaJ @ls as compax4 wiIb 
the mature, fuli-ieagth rKGF. GcoeralJ... the KGF lkagment 
of the preseat invention retains the s~city of Kcip for 60 
F3timumoB of epilhelial cdl prouf~on. 

The folIowing d&itions are inccaporated berein aad a& $0 -a poiyBuclwtide 
provkbd for a better understand@ o&be present bkventiok sequence that is aexewary fof rf9guWion of ex*s%on of a 

D&niIions ; 
coding sequince to wbicJv@e 

As used he&n. the term %eratin~ growth factox” cx differs depe@kig u$&~ the last or*m. ta gmlmqfvtes. 
“‘KGP refers to a member of a group pf stn&uraHy dist&t suh reguktoey sequeaccs generally inOlude, for exampk a 
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pmota, and/or a transcription terminatknt sequences fa 
eulraryo~s. gemrally. such regtdatory sequences ituMe. 
for cxrrmple, a promoter and& a t+scription termination 
sequence. The tam*reg;ufatay scquence~may ah0 hiclltd~ 
additional componc~ts the predence of which lfrc 
advan~us. for example. a seaet+yleader sequence Ea 
scadlon of the polypeptide attached thereto. 

“Operably Iitiiozd” refers to a juxtaposition wherein the 
components SQ described are in a r&ationship pram@@ 
rbcm to fiwtion in their iMended, mamer. A re@atory 
sequence is Tperably linked” to a coding sequence when it 
is joined in stub a way that expression of the coding 
sequence is adaieved unda mnditioas mnptible with the 
regMkitory sequence. 

‘%ansformatioR.” as psal torbetcansferof 
an WiogesIotl~ piriyn~ 11, irmgpbctive of 

dvbkb can bc. for example. 

A ‘keeling sequeoce” is a polynuc@tide sequence that is 
rranalat~ into a polypeptih usually via mRNA wbpn 
placed under the corttrof of an appropriate regnlatwy 
sqsencz. The boundaries of -the cotftng s~uenee ‘c pt- 
aally determined by a translation start codon at its 
5’-termiuus and a transktion stop codon at its 3’-te~minus. A 
coding sequence au’indu~ hut k’not limited to. cDNA. 
and recombinant polymtckotide sequences. 

genome. 

&I “opein reading frame” (ORF) hs a region of a poly- 
nucleotide sequence that encodes a $ypepti&. This region 
may encode a precursor form of a mature polypeptide or just 
rhe poiypeptide. 

TC!R* refas to the techniques of the polymerase &ix 
reaction as deserked in Sailri. et ai., NGUIV 324~ 163 (21586); 
and !Warf et at., science 233: 1076-;1078 (1986); US. pjlt- 
No. 4.683.195; and U.S. Pat. No. 4.683292, As used here@, 
x is Yktaologous” with respeU to !y if x is not natUraEy 
as~wi~yorxisnotassociatedHlithyinthesamk. 
mannerasisfoundinnature. 

“Homology” refers to the degree of sequence ideutity 
between x and y. ‘Qpieally, the sequence biattity between x 
and y will he at least 50%. usually, the sequence identity Will 
be no kss than 60%; more typi#l~~ the sequence IdenTity 
wiU be no less than 75%; preferabiy~no less than 80% and 
even more pmferahly at least 9O%i Most preferably~ the 
sequence identity hekveen x and y wih be at least 95%. even 
more preferably at kast 98%. even more preferaMy at least 
99%. 
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Tllrikd” “and “isolated” in-refescnec to a pQiJqx@idt or 
a nuckotide sequew ,means #it the tM&tGt molecule is 
present in substaut@ absence of otllff biokgkal macromol- 
catkxof the siinxe s-p&es ix typ The ?km wW as 
used herein means at lurst 75% we&k prefaably. at 
least 85% by weight; mor& y. at least 95% by 
weigbt and, most p+&xabfy; 9lj% hy weighk of 
hioiogical maemmokcuks of the ti type ,are present, hut 
Water, buff- and other sIf@ @jk$idG5, especially mol- 
eeuies having a mokudar weI@ of bss &MI 1000, can be 
present aswbu. 

By u~~~~y acceptabk carder,” is meant any 

As used herein. the term “poQpeptide” refers to a polymer 
of amino acids and does ttot refa to a spf&lc kn@h of the 
product. Thus, peptides, oligope&dcs, and protcias are 
induded witbin the de&n&ion ofpolypeptide,llris term atso 
does not exclude post-expmsion~ mot&i&ions of ,tbe 
polypcptide. for example., glycosylariotts, acetylations, 
phosphaylations and the like. Included within the de&&ion 
are. for example. polypeptides Co$abJing, ‘tine or ‘me 
analogs of an amino acid (induding.,for example, mintitttral 
amino adds), poQpepri&s with sub@ute&Wutges. as web 
as otba moduications kliown itI *Ed art. wh naruray 
occurring and non-naturally occurring. 

phatmaceutieahy acceptabk carikrs~ and one or more addi- 
tional componatt such qsditw3. glywro~ or ethaaoi. 
Additionally. a@Iiary 4ss.sw&abwertingoremul- 
sifying agents, pH bufkring &z&tces. and dtelibe. may be 
pfcscat ia s&h compastrions. 

As used herein. ‘2ermfnatom” a+ regulatory sequences, 
such as polyadenylation aud transcription terminatioa 
sequences, located 3’ or downstream of thestop codon ofthc 
coding sequences. 

Accorditqlyv a p&fact’@  boat of tbe present 
invention is a novel u~gly~sy~~d KGF fragment. 
~CIF,,,,, UnaeoiY~ed by;~tks WbidI oolmnuy 
accompany t&e a&k mdkeUk whet3 t is pkodslcedin v&o. 
This fragment has a~ appami moket+ikwdgbt of aWut 18 

‘Xecomhittant host cetls.” “‘has! cebs~ “cells,” “c@l 
CUltureS." and orha sudr terms ~&note. for example, 
miaoQrganisms. inscce cells. and lll+ma&n ceus, that &a 

recombinam vector or other transfer RNA. and iacluL’.the measured by.its EDso valwe as @tried by‘tbe conceutr$on 
pmgeny of the eell that has heen tmr@formed. Such progeny 65 tb@t causes half + &m&tiott of eeb proMon. 
indudes those that may not nece$sa@ be ident@& in The ED% 0P tbc IC.C%? ~~~r~~ is fourtd to average 
mczphology or in genomk CC total DNA EompIement ‘as the about 40 p&l, The bioa&Mty -of the KCF&agment herein 
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will be at least about 2-fdd. pmferably. about 7#dd and, 
mcm preferably, about 740 fold gu+er than @at of the 
full-lengtbrKGFproteinorthatofaFGl? WhetlcompWed In 
a ceU proliferaCon assay, and MO-f&d gteater tbaa when 
rKciF,, is b&assayed, using ii&iatiod of DNjrisynthesis in 
BailVMk uiis maintained in a dxmi&y defined nraditmt 
as dexrhd ial Pm patent Appiicpto~. No. wTIwagm1. 

IR a prefcxred embodimmt of t+ present invent@ 
KGF‘+,-, is produced by reeombiwmt DNA~technoiogy. 
particularly in the ease of large-seaid commercial produe- 
tion. Arecombiuaut I?NAmleude aud aa expresston vectox 
cmprisi~og KGFd, in aeeorda~+ with ute, present 
im’c~tion can bc m&c ami expressed by eo~ventionai @Re 
expression tecimoi~ using method8 +eii-known in the a& 
as disals&?d in mere daaii below. 

The present invention also includcs~analo~ of the rKG* 
fragment that retain the epithdial cdi:s~~ and the at 
least Zfoid increase in mitogegic a&iv& ofrKGFa,,,, as 
compared to the activity df TKGF!,~~ b a prefemd 
fmbodhent. the analog retains the ‘I-fold, mm preferabiy~ 
the 7-10 fold and. most preferably, the iO-foio krease in 
mitogedc activity of rKGF‘,,,,,. A&logs of z-K@&,&, 
include post-traosiatioaally mdlified versions- of 
rKGFd,,I-2s. for example. those generated &y 
glym&a~i~~iatioRs. or ph~ilayia~DS thycog 

canbeaisomadebyeolw~ 
mhniqics :f ar&&%:d subathudon,;deletiou~ oraddition, 
for example. by site-directed mutag&esis. Tiws. all refer- 
ences to embodiments of the present +we@ion as it relates 
to rKGF,, apply equaily to analogs thereof. 

In one ex&dimmt of the ixesent inve~tioa, the KGF 
bgmcnt can be made by.isoiating native, matsue KGMom 
cdispducingthesamcand~g*~‘23N~ai 
amiw add residues tberefron~ Such j deletion cw be per- 
formed by any conventional techniques known in the art. 

ill an aitunativc cm-~~tilc EGF fiqgmalt can be 
made by isolating the coding sequen& of j native KGFs,, 
deleting the wdons that encode ttuj iim 23 N-terminal 
amino addresidues, inserting the modffied coding seguer@e 
tie an expression vector. and oanafo&ming host eels with 
the expression vector to produc@ thi: recombinant 
KGF,,-2,. 

III a fiuther embodiment of the prescht inveutiou, the KGF 
fragmcRtcanbemadebyisoiatiDg~~~g,sequcnceof 
KGF,, from cells known to p&u+ KC@ i&eating t&e 
coding’ sequence of KGQ, Wo a bbuiovims eapressio6 
vector, tratxsformiog a host insed c&with the ba&dovisus 
expression vector. and harvesting and boh~ting the approx% 
matdy 18 kD moiecuiar ape&s from the tratisfotmd insect 
ali culture that possesses increased~KGFactiv&y, using 
conventional scparatory te&niques. 

in auothcr embodiment of the p&sent irmntion. an 
expression vector containing the rKGFd,,-zs coding 
sequence can bc produced by operably iirikiug the 
KGF,,-~, to one or more regulaty sequencea such that 
the resulting vector is opembie in a dcW host. 

In a further en%diment of the @seut iuvention. the 
coding sequence of KGFk,mss can w o&&red by cm’+ 
tiomi techniques. induding the is&ion of t&e codiug 
sequence of KGR,, from a cRNA iib$asy known to oontaiu 
such. and deleting thcrefkom the %p~+m etwdhg the fk’@ 
23 N-teal amino a&i residues. Deietion of the codkg 
sequence of the N-tern&al @ino acids can be ace& 
plished in vivo or ia vitro. The fom+ can be achieti far 
example. by expressh of the KGF16$ coding s&tence in a 
bacuiovirus/instcr ceil exptmiort sysyxu The tatter can be 
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which are within the sidll of the art. Such techniques are 
explained fully in the literature, indt.@g San&x& et aL, 

ePJMed to expttss t&c rekm pgopim ia a partiudar 

MOLECULAR CL0NBK.k A LABOMORY ~&4ANIJAL 
kmq Thus, the cod@ :~eq?l6nce ‘afm3F*&.&~, call be 

2nd ed. (Cold Spring Harbtx Labwatmy Pqess, i989); DNA 
iQ3erted. for example. it&u 8 yeast &prf$ssion vector for 

CLDNJNG, Vd f ad IL D. N GIQVC( ed @&%i%SS+ 1985& 
eqqession ia yeast eelis; a b&t&M vector for 

OLIGONU~~E SYNTHBSB, Mt 3< Gait ed I3RL 
s expression iu b& ‘as. a 

sioninxna+a@~s. _ 
%%xtor for expres- 

Press. 1984); NUQLEIC ACiD HY&RKXXi‘I0N. ii. B. 
Hames L s. L Higgin3 eds- (JRL fhs, 19&i& l-R&N* 
t4CRPTION ANo TRANSWONi B. D. Hames 8r S,,j: 
Higgins eds.. (DU Press. 1984); A?j’IMAL CELL. 
CULTURE, R L Freshney cd (K&Press, 1986): D@40- 
3lLJzEDCEW:AND~. 
Press. 1986); 3. Perbal, A ~~~~~~~ 
MOLBCULAR CLONING, Wdei (1984): the series, 
Mm-HODS IN mom ++ademic Press, pc.: 
GENE TRANSFER -RS POR MAMMALUN 
cX?JJ.S. I. H. Miua and M. P C+s edss (Cold S&g 
Harbor Laboratory, i987); METHODS ~ I,N 
JZNZYMOLOGY. Voi. 154 and i55. Wit aad CJross&q~ 
uis.. and Wu, ed. respectively (A&Jemie Press, 1987). 
J.MMUNOCHBMICAX. METHO@S IN, CELL AND 
MOLECULAR EIOL0GY” R. 3. Mayer arut 3. H. WaRxr. 
eds. (Academic Press London. Harcktt Brace U.S. 1987). 
PROTEIN PURIFICATION: PRIN.G~)LES AND 
PRAfX-‘KX 2nd ed. (Springa-Ver$ag, NY. (1987). at@ 
HANDBOOK OF EXP E%RnmNTAL -am 
Vol. I-IV, D, M. Weir et al., (,DlackweR Scienti&c 
Publications, 1986); Kitts et al.. Biot@iaig~es 34:85&817 
(1993); Muaemitsu et ai.. Mol. and CeU. g&f. 
105977-5982 (3990). 

Standard abbretiations for nudeotides and amino a&@ 
are used in lX$. 1 and eisewherc injthis gkikation AU 
publications. patents, and patent applications citedherein are 
incorporatedbyreference. 

It has been nnexpectodly found that when KGP vector ti 
exJn-essed iu insect c&s, f3pcdoptera~&~~ qsF?q by 
infection of a recombinant bacu~ovirus, Aur~grupk.c 
califomicu, cuxaaining the cDNA coding for the m&t&c 
form of KGF (163 amino acids), they were capabje of 
pmdwdng a KGF fragment, a trunca@d form of KGF that 
Jacks the tint 23 amino acid residues of the-native KGP 
N-terrninaldomaiathatcoatalnsadn~eg-fycosyhttIans~ 
‘Ibis auncated and un&cmylated KGP.&ag~nt de&- 
rated herei~~ as KOF,,, m KG@, in cwtrast to the 
native long fosm identikd as KGP,bs, has a 7- to Xl-foid 
increa3edpatcocy ou target cdks. The tat-get ce3l.3padiIdty 
of KGFk,,-23 is unchaaged. Additionahy, ,at high coke&- 
trations of the KGF fragment, no t$& effect on ire+ 
nocytes is observed ia aontrast to U+sesved fdr KGJ?s,. 
These chservations suggest that, caneiuy to what was pre- 
vhwsiy ~~qtcwd in PCT Appiicatio$ PubReatioa No. WO 
90/08771. the target ceij specikity of KGP does not resiiie 
io its N-terminaf: domain. Furtbermori, the presmi~wtitim 
shows that an N-my truncated i”“i”n af KGF in faix 
represents an improved KGF version with bigher bloJog&l 
a&iv&y and decreased cytotoxidty for therapeutic applica- 
tion. 

Ftwther, KGF&,,, exhibits a p1 mom basic’tkn that f$s 
KGF,,. In one asaay. the p1 was appmxkttely 9.9 for 
KGF,,,, and 9.4 for KGF,,,,,. KGF&t+ also etib- 
its a big& afiinity for heparin and for the Jifono S resin.‘ 

Recombinant KOF,,,. in accor+ancc with the HeSeat 
invention. tam be made by we&known recombinatrt tech- 
niques. In this mgard the KGF,rTu cod& seqtrenek is 
0pmabJy linked to one or more regtahkary sequakes io @c 
suitable vector in a proper reading &ame snd orientation. 
The vector is suitable when it can rep&atc or caa be 
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“GAPDH”), hexokinnsi., phohphofxuctokinlrse~ 
3-pbosphoglyeeante nwtasc. and pynwate k@~ (+‘PyIT). 
is de&bed in E?uropm Pateat Applka+on, Pub-w 
No. 329 203. %a dditioh. the yeast ~HQS gene. en-g 
add pbospbatase. as deaa%ed & Myanobara et al.. Plot. s 
NatL Acod, Sci; USA 80~1 (1983), ‘is alsa w&d as a 
prom- sequence l-e&n. 

Other yeast promoters that are suita+ he+n klude, fm 
example. &se dembed in Cohen et al.. Pmt. Natl, Acd 
sci. us-4 77:1078”{1980~ Henikoff et al.. NW@* 2133:W If) 
(1981); HolIcnbq et al.. C%z Topics’McnSuL Zmnuurd 
%: 119 (1981); HoUenbeq et aL, ‘Thk 3kpteqion of 8416. 
terial AMibiotic Resistance Genes in ttic Yeast t!hWdUEOmy* 
0% c42wisi%c,~ in PLASWS OF MBDICAI+ EJJVLRON- 
MENTAL AND CoMMmcrAL Ih-lPQmANcB. Id 2% 1s 
Tii and A Puhler. eds. (Ams~ew Brk 1979); 
Metcaau-W&on et aL. Gene ll:lf$ (19so); PaIwx et 
al.. cum cenct. 2109 (1980). 

PrQ*oric promoter scquencxs, ciptioaauy cwaii&ig 
operator portions, that can be used here& incltide ao 
&lamse @euidllinw) and laetosejpromdiet systems. as 
de~scribed in Clang et al.. NGIWS 1!#:1056 (1977f, tryp 
ropb%% prorllQrer sgste~ Es described ln Goeddel ct El,. 
Nude& Acids Res. 84057 (1980). $nd the k @a&da)- 25 
derived PC promotu. 

Preferred rlumm%w prQmQres sequcaiccs that can bq 
used herein are those from mammaiiaa v&u&s that a& 
highly expressed and tbat bavc a broad bt range. Examplti 
&dude the SW@ early promata. the Cytom~alo@us 3. 
(+aw)-earlypromorumCrusem%mm%ryAurrr* 
virus Iong tfsmiml repeat fTIXw) &omoter,- adeltavirep, 
maja late promoter {Ad MLP). and l.#~~~s‘Sijnp~a vinrs 
(“HSV”) promoter. Ia addition, prom& sequcnccs dexive& 
fhm rm-vird genes, such as the o&ine tt@dlo~oae~ 
gene. are dso us&l hereh~, These prms cab further be as 
either eonstitudve a regulated, such :8s those that can be 
induced with gkocosticoids ia h~lte-Wp0nsiVe c&la. 

psomotcr and the p10 prcnnotex. : 
Further. protmxers for use in the peseat iavtntion can be 

synthetic hybrid promoters that do hot oeeur in nat& 
(%~a-natural prmwters”), but co& a re@latay ngio%? 
linked with a he&&&s expression moo region. Far u 
example, the UAS seque0Ce of one yekit prQtnoW may be 
ioined with the t.mmai@on actiV%tidn regla of aaothg 
yeast promoter, creating a syntbet(c hybrid pn~~~ote~ 
Bx%mples of such pnxn~~texs iadude robe “El xeguWiy@ _ _ _ . sequence linked to the GAP tfanscz@joa act&Won ngiop, x) 
as described io U.S. Pat. Nos. 4,87$197 aitd 4.880.734, 
Qther examples include - those contiuing, regulatoq, , 
sequences that are associated with *e yling sequences 
encoding ADH2, GALA. GALlO. or PHCK ~@!tlblned with 
the tmnscri~oaul activation majon oh gl$@tfc iaYme, 
such as GAP ot PyK as descriWj in U.S. Pat. Nbs.: 

sJ 

4.876.197 and 4,880.734. 
Bact&al hybrid promoters indude. : fcr ~xaniple. the tat 

promoter. as denaii in De Boer et al. (1983). that is 
derived from sequcnees of the,ttp and: lac UVi promote+ 60 
A fundonal o0a-nanu9]1 promoter for+e bereti may &$J 
be a syWetic promoter that is based on a co~sezxius 
sequellee of diffezellt promettrs. 

In another embodiment of the qesent bmrktioo. an 
enhancer element can be ConkbineJl with a promoter 45 
sequence. Such e&awe-n not only amplify but also w’ 
regulate cxpressiou of the rKGF~,.&polypept%k Suitabh 
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Frokaiyoticlcada sequeIlces forUg.the secretion of 
reambiaant Kg;F,,, that are @able f6r use, herein are 
those kaowo in the art, For exampk such leader sequences 
indude those disdased in U.S.,Pat. No. 4336336, re&tkg 
to ‘Fused Gene and Method of Makhtg and Us&j the 
Same;” to ‘IL J. S&ivy et at, issued;~o Juti, 22.1982, and 
U.S. Pat. No. 5.010.015, relating to “Recomb&am DNA 
MoiecuIes and Method for Fro&in Pjo&ction,” to P&u. I., 
issued on Apr. 23. 1991. 

In anotha emhiiment of rhe preaenl invention+ the 
expressioll vwt5r curl cQntaitl aa origin of xeplication such 
thatitcapbe~talnadasareplicon,capablcofautoao- 
mcm repIication and stable maiakluince in a host Suchan 
caigh of replication inch&those tb;rt enable an expreasion 
veeror to be repduced at a high copy number in the 
presence of the 8ppropriate proteias within ~the cc& for 
example, the 2j1 and antonomouslyr ~lic&ting sequencoa 
thatan~~ve~yyeast,aadthe~of~~of~~ 
SW0 vital T-antigen. that is cfkctive in CGS-7 cells. 

MummaIiull rq&8~on systems t&t arc iwit8ble for the 
Fesent invention include those derived f&m anhixal viruses 
that requke tram-acting factora to repficate. For example, 
the repIication system of papovavinrsea, s&h as SV$l, as 
descriw in Gluzam, C& 23r175 (%981), orprdyomavirus 
that replicute to extsenmely high mpy inm&W in thepreselfce 
of the uppmp&e vital T tigen.’ Additional examples 
inclu,de those derived from bovine papillomkvir~ and 
Epstein-Barr virus. 

Addition8l.ly~ the expression vector herein cart ha*e more 
than one replication system thug, allowiug’ it to bc 
m8w8ilud. for example, in mamma&n eel.& for e.xpreas$& 
and in a procaryotic host for cloning and an@hka&n. 
ExampIes of such mammahan-ba&eria shuttle kctors 
indude pMT2. as desaibed in K&&an et al., Md WL 
Bid 9946 (1989) and pKKR0, as d&c&&d in Shh&o et 
I, Mol. CeU. BioL Cl074 (19%). IWmplcs of yeast- 
bacreh shutie vectors indude YEjp24, rtsdesccibed .in 
Botstein et al., Gene 8: 17-24 (1979);:pCUl, as deaaii jn 
Brake et al., Pmt. Narl. Acad Sck USA g<:M~ 
(1984); and YRp17. as described in Stinchcemb et al., J. 
Mol. Biol. 158:157 (1982). 

The xqdican herein may be either a =IQwcqpY 
mm&a plasmid Ahigh copy number~plasmid wiji gener&y 
haVcaoopy~raa~gfrom~tS~~abou(MO,aad 
typic8Uy about 10 to about 350. A host co&Mug a high 
copy number pkamid will prefemblyiavc at least nhout ‘I-0, 
and more prefixably at least abont 2Q. Either a high or low 
copy numba vector can be used here& depend&g upon the 
effect of the vector and the recombinant KGFWI-23 on the 
host. See e.g.. Brake et al. (kc. ci~ ). 

In 8nother embdiment of the present ieventk the 
expression vector can be made to int@atc &to the host ckil 
genome as an integrathtg vector The hitegrating recks 
herein contains at least one polynucl@tid& sequence that is 
homologons to the host ceJJ genomekt shows the vector 
to integrate. Preferably, the host odl’contains two hotno&- 
gous sequences flaaking the KGFh& codbag sequent. 8s 
described in. for example, Eumpean Patent’ AppRcation. 
Publication No. 127 328. Mating to integrating veetk 
construdcd with DNA from various BacWs straius isue- 
grated into the &t&es chromosome. fategrating ‘vect&s 
may also be comprised of bacta@phage or transposon 
sequences. 

The homologous sequences, however. need not be link@ 
to the expression vector, For exam&. an e&session vector 
can be used that can integrate ix&o tb/s CHO genome via an 

III another embodiment of the 
more scledable rk@&m aitt be’ 
nenrs ill the WrpressiQti v-e to 
thehost ceuStbat have ~~“~~~ Sekct&le markers 
that can be expmssed‘ia: a h&r &&i&ride genes that can 
rendct the h&t ix% Wi* to bugs $@I as tunjcamycin. 
G418. .~~~~~.,~~y~. kuuufuy- 
tin (neomydn), and tetracy&ne, as @p+bcd in Davies et 
UI., Ann. Rev. Mie~oL 3~~,(~~~). selwt8ble,mariuss 
herein also hiclude ,~~y~~c.~e~ sti.as those in the 
histidine, tryp* 8~d ~lebdue b~~~~~ pathwuys. 
such as ade2i ii& leti& @pi. Thus, for example, when a 
leu-host cdl is uqed ai re+pictii Irr txkuiformation with an 
expression v-e&~. 8ud i*cine ii abse 
example. only the.stils tliat c%my a 
wio survive. 

Iq additiou, ~~le~~t~a~~ the Jwst cdls 
with the ability to grow ixi the preseke of toxic compounds, 
such us m&l, is also suitable he&n;. for instance. the 
presence of cup% ahews yeasts to grow in the presence of 
copper ions. as, &tiaEbed in Dutt CL’ aL. h4icmbioL Rev. 
51351(1987). ~ 

applicsble tv. the cokstructiou of a .&aete&l’ ~pee&on 
vector. 8 yeast expmssioa, v&r. a a expres- 
sion vector. &n an embod&m .of the~present iaveatioa a 
b8buIovhus vect? is-.wnstfuctcd in accerdanee with tech- 
niques that apz knowjlr in the aat, for .4Isdwcribed 
in Kltts et al., B~~c~quees X4$3fQ-$L’I Il993), Smith et 
al., Mol. Cc&!. Bid 3:2fS6. #&3$, ad L~kow and 
Summer, t’inil. IX31 (3989). In on@ embodiment of the 
present inveation, a bau&Mxus exprcsaion W&X ia co& 

stems ias c~mmerei8Ity availabe in 
kit forI& t@e M~acQ9~~kis t%op htvitigcn 
(Sun Diego, calif.). 

.B&efly. a KG? expression cludhg the 
KGF&j#,,-~~ wding. seqltetrcc 8nd ,a regul-Y 
sequent, a selectable. ma&e& et&, c&n be First cosu$rucM 
by insexticin of the KGPt6s*Or KGP~l-ls coding sequence 
into a bac&&irtts -.VeUOr’ &at CoatUhrs at h!ast 8ll 
essenti8I poI$uuc~dc &uetice. as desuIbed ia m& 
dctdl below4 aad& a ~y~ud~~ sequeikce that is 
homologous m a portion of the hacuh~irns genome (We 
bacuIovirus sqttcnces”) and is cap+& of homologous 
~W~~~~~ for ~~~,~a~~~ gene. 
tnscazioh thdi can becu&dcd 8&a &stxietion enzyme 
site. 8s dczm@ed ia IiSiHer et al., Biis 4:91( 1989). RI 
a pcofcrred emhodim&t. a KC@?&,,-m coding ~uence Is 
pasitioned &ivnstswm fmp the polyhedron promoter and 
flat&d at km& the.9 uud the 3’ end. by p6iyhe&on-sped& 
sequeueer 

The wq* coding seqteum Cal be abtuiusd by kuowu 
recambinunt tech&* &om c&s thurkc known to express 
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KGF activity. The transfer vector con- the KGF,,,, 
axiing sequence is co-transfebad i&o bwt &sect c&x 
togefhes with a mufaltt of wiId4ypcJ?acl&~~ so as to 
folm a recambinant baculovinIs. Tl$s mutant b&ulovims 
lacks an essential plynudmtide sc#lence flermmy for s 
producFioa of a fuwtional rrwmbia* vims. L th3s rcg@&, 
a fuactional virus is we that is capabIe af tiw 
rcplkation in a bat. A fuacti~aai reca&aat vinp $i 
obfaimd when the mufanf baudov+us alid w tralIsfm 
vecfor cartying fhe KGF exprwsioa cassette b&i i&&t a EO 
host insect eelI aid recombine tbcrein. 

Recombinant baa&wints can be !idw&Bd by known 
mcfhods. For cme. fhe wild* viruses &xlua a 
polyhedron prot& at very high Ie+s in the auclei of 
it&x&d cells during a late stage of id& Motion. Acat- iJ 
mated pdyhcdxon protein forms cic+ls~Q~~s that also, 
contain erbdded vifal particles. Thcsk w&slon bod@s, 4)p 
to 15 pm in size. are bigbly rcfractilfe giving thum 8 bzigbt 

ccdusion bodies. Kecombinant virq’attd wild-w virus 
za 

can. fherGfcc~. be disFinguished by pl,jSing @c tTtu&e&O@ 
supernataot or dmions Ihereof onto a moqay~ of hmX$ 
cells by standard techniques. The plaquei can tbea be: 

cuKK3Nr PRfIYrocns IN ifoLecuLAaklrcJloBn- 
UuxiY 16.8 F. M. A~ubei & al &, I3tpp. 10, G&h 
Fublishes Assocbues and Witey I&eqde~cc (1990). 

The ftwtional recombinant bacul+vixus containing * 
KGF cxjmssion asset@ obtained in t&i-mannc~is suitab& 
for transfection iat0 new host insect &Us fcE production ol 
large quantities of the rczombinaat ~W~~,.-Ktxomb& 
nant Kop,,,,, pduced in this per can kta separ+te4 
from KGF,63 based upon molecular wGight di&%-e~S, 
usillg known separatory Fedmiqucs. : 

When malring rather fhao pyr* a commacially 
available baculwims&asect cdl expression kit, the bacG 
15villJs fransfer veaor hereill can be )nade XqliRkglg xi& 

fereot components together. such as a pmow. a secretory 
leader sequence, and a tra$wiprion t@rmh&iof~ squ~nec~ 
AltemaFivdy. fhe lransfcr vector can!bc coasfyt~ed SW+ 
that a single copy of the KGF,, coding scqutacc is opa- 
ablylinkcdtooneormwre~~&mcnts,ormuh&#e 
cc&s of the KGF&,-, cod&g seqiekce are @a& oper&$y 
iiaked to its own set of regulatoxy dem~ts. As a f&t&~ 
alternative. mnltiple q&s of the: KGF&..& cod@ 
sequence cm be regulated by the s&ne set of regulatoEy 
elements. 

The transfes veem for the prcscnt ipvGJXtiotl &y option- 
ally cm&in an cuigin of rGpl(cafioD so thaf $t an t” 
maktaiacd as a repfico~ that is capa?e of stable n@nte- 
naacciuabost.sucbasabacWi&n.fcu~d@rtgawi 
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FEMS Mictvihl. Let& 6o:n3 (198fQ Fdvat d d, PIWC. 
Ned. Acod Sci. USA 793582 (1982f: EuroPean Patent 
Appikatioa. Pub. Nos. 036 259 : and Q6i3 9%; FCT 
Apj%c&x~. PobIication No. WG8+/04541. for k$tli&; 
Miller et d. Pm. hQar& Acad sd. 85:855,(1rn); waugi% 
al., J. BacreriQL 172949 (mo), for QlmpJ+olyhG cr!&en 
et aI., Pm. Nartc. Ad 5’cL 69z2llQ (1973); Dower et al., 
Nucleic Acid0 l?es. l&6127 (1988); I[kshner “An itnprov@ 
methodfortrallsfomlatioa ofEs&e+ici coli with C#El- 
derived phimids”, in GENIEIC EPJGIMERlNGz PR$I- 
CEHDINGS OF THE INTERNi%MkI)NAL SIMFGSNM 
ON 0-C EN- G. tr. W. Bayer aad,,% 
Nkosia. eds. Amsterdam andNew Y&k 3Zisevi~ and Nq& 
Holland Biomedical J?mss (1978); M&d et al.. J. M”6r, 
Biol, 53:159 (19701: Taketo. L&&M. Bioahvs. Acta 
949z3.18 (1988j. for~&beri~ &assy et ik’. FEMS 
Micdiol L&f. 44:173 (1987). for LkctobkElUs; Ekd&.et 
al., Ad. Biockem. 17038 fl98$). for Pseu&mimdis; 
Augustin et al,. FEMS Micmb+. L;sn. 66:203 (1990). $;P 

Immun 32:1295 (1981); Powell et al., AQpl. EnHa h&m- 
bid. 54:65S (1988); Somkuti et aI.: Procv 4rh Eve Gong. 
Bioredudogy I:412 (t987), for Strkpt~s.. 

For yeast the traasformation proc&rres @at can be used 
herein include eiectroporatioa as Cytsc&ed in “Guide to 
Yeast Gene&s and Iv+xular Biol&y.” Vol 1% b@FH- 
ODS M FINZYMOuxi’Y. C. Gut#nie and G. R. F%kk 
(Academic Press 1991). &hex procedures Include the traqs- 
formation of spheroplasts or the trqmsfoxmatkn of a&& 
don-treated intict cells. Suchp~ are descsibed~ 
for example, K4nt.z et al.. Ililoi. Ce!. BioE. &I42 (1984); 
Kunzk et al.. J. &kc Microbial. 25: 141(19@). for Car&k 
Gleeson et at, J. Geta. Micrvbbl. U&3459 (198tS); Roggen- 
lamp et al. MOL Gezz. Gener. 2&?302, for Hailsen& 
(1986); Das et al.. J. Ikacreriol. lS8$lt65 (1984]; De Lou: 
vcncourt et aI.. J. Bucredel. fS4:116$ (1983); Van deixB& 
et al. Bto/ZMwkgy 8:135 (199(r) for Kluyvcmmydes; 
Cxegg et aL. MoL CM. BioZ. 5333376 4 1985); Kuiue et al., J. 
BiaskMktu&i$. 25:141(1985); U.S.iPat. No. 4+7,148 and 
U.S. Pat. No. 4*929.555, for Fi&ia; qinnen” al..pnoc. q&f& 
Acad Sci. USA 75;1929 (lg8); Jto et al. J. &&e&L 
153~163 (1983), for Saccharomyck Beach +nd Nurse 
Narun 300:706 (1981). for S&izosakcharomyces; Davidow 
et at. CurE Generi l&39 (1985); $52aardin a .d., cm 
Gener. lo:49 (EM), for Yamowia. 

For example. for mamma&n ceJl $ystems, su& methods 
include dextr+- tmnsf&+n, i&hit phosebgte 
precipitation, polybrene-mediated tknsfsfcc2i0n, protaptqrst 
fusion. electrcpaation. eucapsulation of the KGF,,+ 
polywdeotide in liposomes. and direct miaroiajeUioa~of 
the DNA into nudei. 

lmtnunoassays and activity assays that axe Imown L the 
artambeu~herdrItodetGnninaif~~trans~~ 
c&s are expressing the desired KGF fmgmeo~ Pa cmimpb. 
for dhction of intradllular pmdu+on of KGF’e,,a by 
traosfarned host CCIIS. ,+II imsmJnofl~aesaslce assay ha?li? 
performed on tht transfamed host &Is w,Ithont separatlrfg 
the KGF fragments from the cell mkmbraae. la this aMy, 
the host cells are first tied onto a skid suppart, sueb as a 
miaosGope slide a Ini& well. Next? tjie fkad hostc$gs 
are exposed to an aati-KGF a@ibodyi PrMbly; to in- 
the sensitivity of the assay, the fixed Cells are C%pOSCd tQ a 
secoad ant&o-&. that is labelled and bii to the anti-K@ 
antibody. For instance. the secon@ry *body may ̂ be 

re.pxtiwIy. ‘Fbc a.df@&al nude&&s include a Psff site at 
the 5’ t&l. aad a NotI.site at t& T”&d of the rqective 
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primers, to facilitate closing- of the KGP,,, a 
sequence and its sigaal peptide into the de&d insect ce& 
rratsfa vecta. (See Example 2 below:) 

To gemrate the desired KG&, DT’fA m&c& 1 @  0s 
eachprima,atafioalcoacen~onbfliiM,wasaddPni,lo 5 
25 j$ or approxbtely 10 ag. of +maa l&my cDNA 
library. obtded froni clourec4. Palo; Alto. Cal&. U.S.A. 
l-be followiag z”9ent5 from the P&kin-Etmer FCR ,k& 
(NonvauL coaa. U&A.) were 3l$o added to tile plnimcs 
cI3NA iii: 16 fl of 1.25 mM dN’l?, cont@,ag equim~ lo 
IaramaWsofe&ofd&IR@IFI?dCI’f’aaddGTP,fOpl 
of 10x buffer. 0.5 fl of Taq polymerase; at S uWn& snd 69 
pl of water. PCR was performed on a RNAl%ertyl C$&& 
from Pakin ELma. Norwalk, Cona., @.A, as follows: 944 
C. for 1 minute. 55” C. fat 2 minut+s, aad ‘72‘+ C. fa 3 ts 
minutes. This tempature cyck was rlpee@d 30 tr;mes. The 
rwultb? PCR or&uct was treated wi& DNA PoiIlKkn&l 
aad the;phe&cMoroforme&acte& chloroforh ix& 
and ethanol preclpitatcd. respectively, I 

The PCR produd was digested with PstI aad MotI and-g& 2a 
puiitled before ligation. 

‘Ibe Produc?ion of a KGP Insect CcJl ;eXpression Vector 
T4eputifkdpcRproduct.~~~KGF,6,~g z5 

sequence and its sigaal peptide. was insezted into a bacu- 
lovirus transfer vector. The specific: baadwims used L 
Autographa culifomica nuclear~ol~&cdrbsis vilrus 
(Am). 

nupuitferf FCR product htlt Ei.Kmpk l..dige$ted yig2 
30 

restsktioa euzymcs PstI and NotI, w@ l@tkd to pAeCU; 
which was also digested wit$ PstI and NotE pAeCU Js a 
b3culovirus transfer vector and is de#c%d in FIG. 2 This 
plasmid was derived from PAcC12. +s des&i@ed in ~&JO- 35 
emitsu et al.. Mot. Cell. &of. 1059774982 (1990) aada 
derivative of the pVL941 lraasfff V&r. the cotrsttuction of 
which is desuibed in Quilliam et Aal, Mol. Cell. Bioi, 
10;2901-2908 (1990); L&&W et ti., vircrl. 170-3149 
(1989)s aud Smith et at.. MOL. Ceff. $0. 3(12):‘2i56-216-5 IGI 
(s83). 

‘Ibe Production of a Recombhat B~culovix~ Capable of 
E+resshtg the KGF coding sequence 55 

The fmxsfer vecta with the KGF,& cod&g soquen(x a& 
its signal peptide insert was fraasfcictad togetha witfa ‘a 
mutant badovirus into SpwroptGm j%ugipe&. ‘&?I cbu-s. 
The mutant tmxdovhus is a dcrhtivi of AMPV that kc& 
a fuactional csseatial gene, This mutant bacula&us must 60 
recombine with the traasfer vedor ho pr&iu& a viable 
b3culwrirus. To innease the tmmbecof p2ambbmts. tlw 
mutant baa~lovirus was linesrlzed with Bst& In this IX?&&. 
several BsuI sites were ia- into the mgtant bacu--- 
lovims for this purpose. This mutaat baailovims is s&n& 6.5 
to the b3culov4us described in Kitts et al., Bh~chnlgucs 
14(5):810-817 (19933. 
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GRACE’S medium suppkmeatcd as before was heated to 
37* C. Only the ‘amount us& for the assay Xvas beaK$ 
cherwise, proteins may precipitate upoa repeat& beating. 
whoa the 2x medium was warm a ,3% (wkv) Sea Plaque 
agarosemixtureinwaterwasmebe~iasmi~aveand 
immediately mixed 1:l with the 2x medium. TIte agarose 
solution was the0 allowed to cool at room temperature fa 
SevcraI minutes. 

The viral medium was aspirated from the cells in $be 
dishes by tilting the ashes slight@ bo the bocd rim The 
dishes were then drained for a few seconds and aspirated 
again to remove as much liquid as ;possiile. ‘ibis second 
aspiration step was inch&d to reduce the hltebhood of virus 
tpading and causing indistinct plaqies, St% dishes or few& 
were handled at a tinie to avoid #hying the ce& The 
aspirated dishes were never kft exposed with the iids off for 
more than a few seconds. 

Next, 4ml OF tbe agarose sohtioe were added to each d@h 
and left undisturbed for IS mbmtesi The agarose overlay 
was dried by lifting the lids to tbe si$ of the plate to permit 
the agarose to dry fa ~ox&ateiy; 25 mmutcs, Then. the 
dishes were eovaed with the Iids, aad ‘the c&s Wetys 
incubated in a humidified chanther (92%) for 4 days at 27’ 
c. 

To facilitate visualization of the p@ues, the dishes wem 
stailled with 2 ml per dish of 25% (WY@ sea Plaque agarosc 
in complete TNMPJf medium with O@l% (+J aeutrslr& 
from Sigma, St. Louis, MO.. U.S.A.The agarose overlay v&s 
dried at room temperature for about one hour w&b the lids 
on. before the dishes were retnmed td a humi- cbamhcr 
(92%) at 27O C. fa M hours. Thb neutral red $lye’vks 
imxpo~ by the viable but nut the dead ceils. 

When the plaques were weh*esoiLd. 7 individual plugs 
werepickedwithasterifePaste&@er~deachwas 
transferred to .l ml of complete TNhGJi. The plugs were 
himbated for 2 days at room temperature, The plug5 were 
then vortexed, and the plaque assay “as repeated wJth 50 @  
of this sohltioD” 

C Brpansioa of the Plaque PurifW Pac&ovirus 
To expand the viral titus, 3-4 plugs of each bacnlovirus 

clone fkom the second round of plaque purikatioo were 
pheed directly onro cuhurei of !E$ cells. The cells wgC: 
plated at 2.Sx10s/web in *well plates with 2.5 mf of 
complete TNJVEB medium The ce$is and virus were&en 
incubated for apiroximately 4 hoursat 27O C: ii~ a hukhdi- 
fled chamber (92% ). 

For the second round of expansiori. all the xizus from tbe 
6-weIl plates wet6 trinsfmed to 10 icur djshes. The IQ cm 
dishes wae plated with 7,5x106 cells in 7.5 ‘inI of compbzte 
TNMFH media. The cetfs and vi&s were iucuhated for 
48-72 hours at 27” C. iu a bumidb@ &amber (92%). 

Ma this inFection, the ceUs were t+oroughly .yzemekFa 
soy wild type virus contamination Q+t appear&ss infect&I 
Ceils iolmining occlusion bodies. No aed~sioa bodies wm 
observed, The restdtingrecomhmant baculovink was named 
KG&S and was deposited with the American Type CubW 
coMectiosl (?sraY) at 12301 Parbhtwn Drive. Rochvi#e, 
Md.. U.S.A. 208521776 on 37 Jun. 1993. Accession No. 
vIcz411. 

Supernatant from the second bacuiovIrus cxpansioa round 
was tested fa KGF Moactivity. Also* the etude stqktnatmn 
was run on a sodium dodecyl sulfate po&cry&antide &I 
ekcmphoresis (“SDS-PAGEYj gel, ,and st&ined with COW 
made blue to confirm the qxessi$a of KGF. 
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I+alb/Mls GtUS. The assay 4s in ScctiaD c below. 
50 The fmcUoos-with the high&t bloae&itj, were eluted with 

1M NaCl and were fiaoQ& BefaG tfwT$o&ed &acUons were 
kulded onto$he mi.t pI*, the fs-a*ns yerc dihlted 
five-fold with 1Q .qM T&-Ha’ at g$H 7.2 to a final dt 
CO~ti0k cd 0.2~ Naa4 

65 B. Mono S Catian Bmhtukge ~~~~y 
The poded fractions eI&il Tixm”the HS column were 

loaded witir a Super looponto a Moue S cohtmri linked to 
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an FFLC system (P&aim&a. Piscataway, &Iv). The Mom9 
S cation excbangt dumn was equilII witit .I0 mM 
Tris-IiC!I at pH 7.2 Wfitn the po&d fr+ons tier6 l&ad& 
the column was washed cxteasivciy Bt a ff,ow rate: of 1 
mlhin. with the equilibfation buff= t$t.ii *c 4klxaWW 
retufntd to baseline. Then, prottin was eluted fbm the 
cobunn witb a liDcat Nail &ient, 0.w to M NaCl in 10 
mM Tris-HU at pIi 7.3 at a flow rate of 1 ml&h, sod L ml 
fractions wtrt collectd 

ltvo majar pmttin peaks of activ$y were f&d that 
cfutcd at about O.SSM NaCl and O.&W NaCl . Wctioas 
~~~055 the prottia peaks wtre assayed for WoactWty and 
subjected to SDS-IWE analysis; Thb rest&s of the &l 
analysis {not illustmted) showed that protein from t&SW 
and OHM NaCl &actions exhibited 4 appamnt m&c&r 
weight of 27 kD and 18 kD. respectlv~ly. 

When the b+ctlvity of the fractions~ was d@e&ned. the 
18 kD protein was found to e&&it at$ast a 2. but more 
ptathl&y a 7-10 fold more a&ky than the 27 kli)prot&a, 
or than tbe positive cou&oI, the a&c Alih@last grow& 
factor (‘WGF”), as shown in FIG. 5. ‘Ihe &activity of itl~ 
fractims wtni ttattd using BmMk c$*. (See se&on c, 
b&W.) 

To determhe the amino acid sequence of the eluwi 
protein. two 100 pmole samples of 9 27 kD and 18 kD 
pateins were subjected to k%dmu~&4~on after ten; 
trifugal adsozptioo to polyviaylidene d&tide (PVDE 
Applied Biosystems Prospin). The samples woe loaded 
onto an Applied Biosystems 470.4 or 4?3A pro&h 
sequcncet. lkventy rounds of Edman +-on wcze car- 
ried out using standard s&ware and c+emicals smed by 
Applied Blosystems. andidentiflcation~ of m-am& a&is 
wQc mudt with aa automated ohine~HPLC system (FjpHi 
amlyzer 12OA. Applied Biosystems). ; 

usblg standard tldodoIo#wtupownintheart.an 
unambiguous amino acid sequence waS e&ab&bed for posi- 
tions 1 to 20 of the N-terminal of the t8 kD protein, which 
is Kop,,,,, Tbe stqutllcc was us follows: 

SYDYMEGGDIRV.RRLFXRTQI(SEQID 
NO: 7). The N-terminal sequence of ithe 2’? kD protein ls 
identhl to the N-termhl sequc&e rif KGF,,. 

C. KGF Bioa&ity Assay Utilizing Balbhfk Cella 
KGF biouctivity was assessed by tlje ability of the frac- 

tions to promote growth of B&B/C-~ cells 
Stock adtures af BalblMk cdls were grown and maim 

tahedinlowcalclumDulbecco+smohed 
suppltmtnttd wltb lo& fetaI tlbvin~ ~,~~~ 
fuogiume. and 10 nghnl aFGE The c&s wcse &cu$ated $ 
37” C. ia a 10% COs atmosphete with 99% l&mid&y. I?** 
bioadvity assay. the cells were se&@ in 12-Well plates 4 
a density of 5x10” cells per well inj 1 ml of medium 9 
described above fa the stock adture~. and as de&bed in 
Gospodarowicz et al.. J. Cell. Phydd. $42: 3%333 ~S90~ 

Ten microliter aliquots of the desired aoluma &actIoiss 
wert dibtted into t ml of 0.2% (wh)/ geIatia i.8 phwphate 
buffcrtd saiint C’FBS”). Tea micro- of this dibttion were 
added to BalWblk ails seeded in &!-u&l cluster plaW 
containing 22 mm webs. at 5x1@ ceila pa: well, and a lb. pl 
aliquot of either tile d&mxi columJl ‘fractiaas cx. Inedim 
containing 10 ng aFGF were added td the cella e+w osfier 
&Y. 

Atk five days in ahre, die cells~were &ypainited and 
the &al cell density was deferml@i u&g .a Coulte~? 
cmmtff. Tbe cells were released from the plates l7pepla@g 
the dturc madiium with a solutioo cha.iningO.9WNaCl. 
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cvunter.Tht c&s were rcltased ftvmihe &atGs by replaciDg 
the medium with a soluti~ contain&g 0.9% Nail, O.OX?$ 
sodium phosphate @H 7.4). 0.05%: trypsih. and 0.02% 
EDTA(SW). 7%~ cells were incubated in this &htioa far 
S-10 miitutcs at 37O C.. and then the stock cqkwe medium 
was added fo the ceus. The cells then; wexe c0unfG.d using a 
coulte~ counter (CvuIter Blectr~nics. Hi&ah, ma.. 
U.S.A.). 

Results shown ia FIG. 5 demonstrates the lack of a&v&y 
of both rKGF16, and rKGF,,, OP &BAE ceils and Af?E 
cells. in contrast to bFGF. Similar obsesvatio~~ wcm made 
using vascular smooth nioscIe ceIt& corn& OndotWat 
C&S, OVtiD ggandulosa C&b. 2U@ f%f%-~~ fibXObktSt~ 

Alfhough bFGF did @mulate the proliferatkm of E&se 
various cell typzs, neither rKGFIh3 or rKGP‘,,, had any 
bioactivity. 

Example6 
Constriction of a KGF,,,-u Yeast T$ctor For Secretiou by 
Yeasi CeIIs 

This example: desaibes the cvnsm~on Qf a yal.st expres- 
sion vector for secretion of KGF&,; by ttxmsformed yeast 
cells in nccordance with the present inve~tiott~ 

SptciIl&y. the components of ibe ex@S@ii vedcg 
conmcf: KGPb,-2, coding sequet&x operably Wed at 
its 5’ cod. to a glyceraldehyde-3-phosphate dehydroge5asC 
C’GAFDH”) promoter and the ooding sequeuce of the f&t 
35 amino acid residues of the ~hu~ye#* cti=vhe 

SEQ ID No: 12 &a+t! - . . . 

patpro a-factor leader seque?ce and, at its 3’ end, to tie 
Saccharomyces cemvhae a-factor tckminator. 

The hgmemts for this construct: 
(1) a BamHLSpu 1102K fragment ~ntaitdttg the GM&W 

promoter and the Wmcated prepro a-factor leadcrcokk- 
faining a fuactiooal signal pept&ie; 

(2) a BpullO2I/SaU fragment enc+iag KGP*L-z,: pnd 
(3) a BamHI/SalI vector f?agmeat bf tit&yeast expresrtio# 

vector. pBS24.1. oontaining t& a-fatter term$Iatti, 
leueine. and uracil y+st sele+ble marks, attd 2~ 
sequences ti an origin of repIi&tioth 

A. Construction of the BamHWpuilOzI RotnoW 
Lea&r Fragment 

The source of the BarnHVB~llbu.~n~ bv PCR 
using pCiAK7 as a tcmpIatc. The*&s&id p&k? is de 
in Eurowan Patent A&ication. Public&ion No. 324 274. 
This pl&id coatains‘tke same Sat@ expressh cass@te 
as pYGAJT7. whii is available at tpe .&EC? as Accekih 
No. 67597. Flasntid pGAF7 coataiM qp~&@~Iy 400 .$$ 
GAFDH promo&x fragment, as deskriibed in Gratis ai., 1. 
Bid Chnn 43W389 (1985). and the prepre a-fachr 
leader sequence that encodes the +xmiual am&o +id 
residues l-35. 

The @net- for the PCR of B~pu.ZlW promote& 
leader fragment: 

tance gene. efE@ve in E, & %I& ykaii eipikdon vector 
also contains a huw FGFxx@tg skquence which can be 
excised by d&stiua witi BamIS i&d Sau enzymes and 
isohting the. i&&r vector .&aghenf. 

Plasmid pATS24 is a yeast shuttle vector that coqtahs the 
cvmpbfe 2fi 3equeoqx as.6fiwxibed in Broach. M#ee8&~ 
Bioiogv t$ the l%ean Sntkmyces. Cold Spriug Earhr 
Press 1:445 (l!%l) and pBR322 sequ~ttces. It also oixttains 
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the yeast URA3 gene derived from #asmid YBp24, as 
descrll in Botsteh et aL. Gent 8:17[B79)+d&eyeast 
LEU2d gene derived from plaskdd flUI. y d&&cd in 
F.urcpcan Patcut Applic&m, Publicarioo No, 8.16 201. 
flasmid pA324 was 
FcoRl and reli@ing the vector 
sequences. The resulting plasmid 
ized by digestion WQh ClaI 
piamid which bad been lkack~cd wit$ w ~.re@lt@ 
plasmid. pCBou. was then digested with XbaX and the 8#!i 
bp vcctcir fragment was gel isolated, +I% isolated xbaf 
fragment was liiated wifh a 4460 bp Xbai fkagmcnt ?a- 
taining the Lcu gene &Wed ftom &l/l;~&e ci@tattCia 
oftlreLEUZdgencisinthtsamcdir~o~as~tlRAJ” 
gene. Insertion of the expression Wise% was i&the Utl@C 
BamHl site of the pBR322 sequettees,’ this intWt@iJkg ‘tbt 
gene for bacthal r&stance to te!mcyCliW. 

Plasmid pBS24 is a derivative of &B24 !i des&bck 
Ptasmid pAB24 was digested with BaikI attd ,S#L wbicb 
cut within the tctxacyciine gene of tik pBRX&? stquen~r 
and gel puri&d. The vector was thea lidated w&b a syntb&e 
adapter of the following sequence wbicb treat@ new uni?ie. 
BgJII and BamHI sites: 

The rcsultiag vector. pAB24ABL was then digc$tcd w&b 
BamHIandBglIImdgeQmified.Theheaclzodrrrtorwas 
ligated with the BarnHI cassette exe&d and ptirikd firom 
pSOD/env-5b to give pBS24. ‘@e +settc co@& the 
hybrid ADH-2IGAPDH promo@ a@ a-facta Wmintior 
with an NeoNall insat of the SOD/env-Sb fusion gene. The 
cassette is orienrod in PBS24 su+ that tbc dire&on of 
ttamxiption fkom the ADH-2GAPDH promo@ is in the 
opposite direction to that of the ittactiv+ed Wracyelint gcuc A, eoastcuction of 8 KGPti~-:, Co&kg Sequence 
of the pER322 sequences. construGtion of ule Bs*W$&’ Kcj$*,,, cding 

pBS24.1 contains a BamlW!Wi fi-agment encoding the 40 soqu~nce fmgtk%W bji‘a& Jlre pi@ baallwi- 
human FGF protcin instead of the SOI@%%Sb in pBS24, a;fr rus trim&z vectex, 95-dcsafbad in lF$a@c 1 and 2, 
&scrii in U.S. Pat. No. 5,1.56.949.Thc rekvant vedor The pii.mers,fqpQR: 

fragment of pBS24.1 is present ,in pBS24TlbBM$? 55 
pBS24.lbBMP is ,&e same as pBS24.$ except ti contaios 8 
BamfWMl bovine BMP cxprcssion &assetWtist$ad of the 
human Fop protciu. The vector pBS2&.lbB?+.p was d@W 
ited with the M’CC. Rookville, Md.. U.S.A.. elf 1 LU. 1%%9 
under Acoessiou no. 20949.* 60 

Ex~lC7 : 
Ekpression of rKGF,,, by Yeast Ceils 

The pmccdure far expression of rKGF,,, in SIWW- 
dance with the present iaveaiion: 165 

The secretary expression vector: as described in FkampIc 
6. 
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B; constructioa of 8 Bl3lnlwNcoI lpromotcg Fr;lgmeot 
The source of the- BamHI@coS ~o%W fragmen$ by 

digestion of pSD coataiming a superoxidase dl~~tase 
(SOQ/kwlin fuljon yeast exzlmasion casseqe mmpming a 
BumSWNcoS. ASXWOAPDH hybrid~pronqter, to release a. 5 
fragmut of about 1366 bp eonrainin$ the hybrid ptomDta 
SiXlUi%iCCS. 

pSS3 is a derivative of pYASI1. which was deposited with 
the pII%c. RockviUc. Md.. U.S.A. $n 27 Feb. 1985. aud 
assigned Accession no. 2074% The.constmcti& of pYjkS$! 10 
is described in U.S. Pat. No. 4.751.180. pYASIlcon*ustlte 
same B-co1 hybrid,~moter fraasncat as pSI3. 

C. Constructioa of the BamHJI!3i@BSZd 1 Vxtor Rag- 
ment 

Source of BatnlWSaU pBS24.1’ vecta fragment: by 15 
digestion of pBS24.1 with BamHI and SatI au@ isolation of 
the large vector fragment. 8s demibe$l in F&ample 6, section 
c. 

Example9 20 
Intracellular Expression of rKG&.,,& by Y&t Cells 

Procedure for intracellular cqms$oa of rKGFti,-s3 by 
yeast cells in acmrdance with the pre$e+it ~$veatlo& 

Ekqxession vector for intmcellular cxpmsion in yeast 25 
cells: as dexrii in Example 8. 

Host cells for transformtio~: Saccharomyces C#W&W 
Method of intrducing expression,vct%x iato host c&q: 

by electropor8tion, wa6 described in ‘Wdc toYwst Oeuet- 
its &Molecular Biology,” Mirhodr i” !zhzymo&gy, vol. 194 30 
(Academic F‘rcss. 199%). 

Selection of trmsfmts: 00 ura with 2% glucoke 
medilulL 

Seed culture of bansf-ts: ovimight incubatioa ia 1 35 
ml of leu with 24% glucose medium,at 30° C. in a shakkg 
apparatus. Culture for ~oduction of rKGFtil+: a 20 ml 

( i i i )NUbBERoP~~9 

AIS Val A,* *rg: Lcs Pbe cyr Arg Tbr Olh Trp +yr Lou AZ@ Ilc Asp 



65 7.0 75 80 

L,, Arg 01y LYI vat Ly, 01y Thr a1o 010 Met L‘yr .A** ALIE Tyr Atn 

85 90 9s 

Ifc Met 010 I10 Arp Tbr Val Ale Val GlY llc Va3L AtI IlC Lgs OIp 
100 153 110 

Val OlU ser ffiu PhC Tyr LCU All Mat AllI ty* aitr OIy Lye. tea Tyr 
t15 1.20 125 

AIB Lyr Ly1 a1u cyi A.tl at. *;p Cyr AIll Pbc Lye Ofo Lee Ile Leu 
130 13s 140 

Ola AIB His Tyr Astl Thr Tyx Ala Set AI* Lye Trp Tbr Hir Asa Oiy 
145 15il 1SJ 160 

uly 010 Met Pbc Vrl Ala Law Ala Qla Lyr Qly Ilc Pro Vsi AXi Qly 
165 175 17s 

Ly, Lyr Tbr Lyr Lyr t3lu Olr LyI Tbr ASa Hir Phc Leu Pro Mat Ala 
160 185 190 

Ilc Thr 

CY) A,* A,p Met Thi Pso 011, Olr Msl AIL Thr A&n VJt AuS Cyr Sol 
1 5 10 IS 

Scr Pro 010 Ax6 ffif Tbr Ate 
20 

( i )sBQupNcE~sIxs: 
(A)LWOnl:3sisbrop 
(B)TWRmd&d 
(C)v:- 
(D) lWOLOOXW 

( i i )hf iXEUW~DNA(goPmic) 

(Zi )sEQuENcE DBscLupIIoN: sfq q2 Ncb4: 

AOATCTCTOC AQCThTAATCi CACAAATOOA TACPQ 35 
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32 



OPUTTOOTTA ACOAATCaCT TAOCCC#OAAT TT(lTOC 

(i i )MOLXXXETYFECNA~~ 

f 1 i fssQupmJe IF4zsxmw: skq 3D Noz12: 

CCOCCOOCTA AGCOAAOTTA TQATTACITO OAAGOAGOi3 

36 

39 

39 



QATCAOATCT AAATTTCCC(3 iATCC 

‘TCTAOATTTA AAOOOCCTAO bAOCT 

(i i )--DNA-) 

fXi >-- ON: &ID m18z 

CITTOTTTCAT GAQTTATQAT XACATOQAAO DAPQO 

25 

45 

( 2 )-~FDRSBQIDNl9: 

(~i)sBpuENcBDgscRIpn ON: BE+ W  NDs19: 

TATAAATAI’T CCGOC+COCQQ ATCGOTACCA O’hTCTQChGA ATTCTAOAOG ATCCTC~ATCA 60 

OCTAOCAUAff  CTCQCG5CCO.CCCQQt3CCUT ACCUACTCT 99 
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Whatisclaimck 
1. A Ljeratinocyte w factor fcag+%tC Chat Mhibits at 

least a 2-fold increase knitogeaic ac&ily as campatcd t? 
a mature. recomnbiint. f&length lcenW*e grawth 
famr, wherein the Sagmcnt lack+ tbk lirst WIl%WnW 5 
amioo acid residues of the taaturc. f&kn@b kemtinocyCi% 
growthfactorbutretaiastbcruuai&efttn:mdacuIt, 

2.ThckcratiaocycegrowthfacCorff~esclabnedia 
claim l. whaeiu the Sagmcot cxhibiq a 7-f&d i&x-ease ia. 
mitogeoic activity as compared Co the ynaturc. feco&btiL I0 
f&length kaatbcytc growth factor.; 

3. The kc%ratinocyte growth factor tqigmcnc as claimed ht 
ciaim 1. whim&! the fixgnmt exbil$tq a IO-fotd &kmaq “ia 
mbgcoic activity as compared to the maCure.rexmmbina& 
full-length kmCinocyte growth factor. 15 

4. The keratinocyte growth factor fragmeot as daisned In 
claim 1. whaeiu the fragment cxbib$s deayased cytoC0~ 
icity as m-d to the mature. rccombiruaat, fulMm&b 
kaatinocyte growth factm 

5. A composition comprising: 20 
(a) a kemtine growth factor f that’exhW3 at 

least a 2-fold incrtmz in mitog$aic a&v&y as com- 
pared to tbe mature. reco~ant, fbJl-bxgtb imat& 
wcyte growth factor. wherein thk fragment lacks tbo 
first 23 N-taminaI amino acid &dues of the m?.um, z 
Full-length kaatinoEyte growth hctor but retah ttm 
rcmaioda af the molecule, iind 

(b) a canier. 
6. The kaatioocyte growth factur fragment as chioxed in 

claim 1 having the amino acid scque@ze depict&at’amiao 30 
acid residues 24 Co 163, incbzsive. it FIG. 1 (amino acid 
residues SE-194 ioclusive. of S33Q I@ No: I). 

7. An aoalog OF the kaidzwytc grWt(t factodragmeot 
asclaimedindaim6,whatinthe~~~fronnits 


